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[57) ABSTRACT

A current interface has an impedance buffering circuit
which maintains a very low input impedance at an input
node, while producing currents to two current outputs
which increase and decrease, respectively, with In-
creases and decreases in the input current flow. In a
preferred embodiment, the impedance buffering circuit -
1s an operational amplifier which has been modified to
provide access to the collector terminals of a comple-
mentary output transistor pair. The collector terminals
are connected to current mirrors which are also con-
nected to an output node of the interface circuit. The
amplifier and current mirrors effectively buffer the
input and reconstruct changes in the input current at the
output node, while maintaining a very low input impe-
dance at the input node. Compensation for errors intro-
duced by the changes in base currents of the comple-
mentary output pair is provided by a matching pair of
complementary transistors.

31 Claims, 6 Drawing Figures
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COMPARATOR INPUT STAGE FOR INTERFACE
WITH SIGNAL CURRENT

BACKGROUND AND SUMMARY OF THE
INVENTION

This invention relates generally to a current interface
circuit and, more specifically, to a current interface
circuit which s particularly well-suited for use as an
input stage to a high speed comparator.

Very high speed comparators are essential to the
realization of devices such as fast and accurate succes-
sive approximation A to D converters. One approach to
a 12-bit A to D converter utilizes a fast voltage compar-
ator, an SAR (successive approximation register), and a
high speed D to A converter. A conventional 12-bit
converter of this type is shown in FIG. 1 of the articie
entitled “A Fast Latching Current Comparator for
12-Bit A/D Applications” by Paul A. Crolla, IEEE
Journal of Solid-State Circuits, Vol. SC-17, No. 6., Dec.
1982. This figure is reproduced as FIG. 1 in this disclo-
sure. |

Presently available voltage comparators have a re-
sponse time on the order of 48 nanoseconds for 0.5 LSB
overdrive. However, the speed of the overall SAR loop
is hampered by the capacitance (Cxin FIG. 1) present at
the comparator input. In a typical 12-bit system which
employs a conventional voltage comparator, the total
stray capacitance (typically 30 picofarads) together
with the 2500 ohm conversion resistor sets up a time
constant which can introduce unwanted time delays
into the loop. In order to reduce this delay, Schottky
diodes are often placed across the input terminals to
clamp or limit the voltage excursion at the input nodes.

An alternative approach involves the use of a current,
rather than voltage, comparator as the polarity discrim-
inator. A converter utilizing this approach i1s shown in
FIG. 2 of the above-mentioned article and is repro-
duced as FIG. 2 of this Specification. The input termi-
nal of a current comparator is sensitive to signal current
rather than voltage changes and, accordingly, has a low
input 1mpedance. Due to the low input impedance,
voltage excursions at the input node are minimal and the
impact of the delay attributable to the capacitance at the
input node may be reduced by an order of magnitude.
Furthermore, a current detecting polarity discriminator
1s a logical interface to a current output DAC converter
and the need for Schottky diode clamps at the input
node may be eliminated.

Accordingly, an object of the present invention is to
provide a current interface circuit which may be used as
the input stage in a current comparator to discriminate
the polarity of input signal current while maintaining a
low 1impedance at the input node.

Another object of the present invention is to provide
an input circuit for use in a comparator which elimi-
nates the need for clamp circuitry at the input node.

Yet another object of the present invention is to pro-
vide a circuit for use as the input stage of a comparator
to virtually eliminate attenuation of the input signal due
to the use of external application resistors to provide for
preferential offsets (e.g., the bipolar mode 1in an A to D
converter application).

These and other objects are attained in accordance
with the present invention by a current interface circuit
which includes an impedance buffering circuit which

maintains a very low impedance at an input node, and

which has first and second current outputs. The impe-
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dance buffering circuit produces an increase in current
flow at the first current output and a decrease in current
flow at the second current output in response to a
change in magnitude of the input current flow. Cir-
cuitry connected to the current outputs of the buffer
compensates for errors which would otherwise be in-
troduced by the buffer circuitry and reflects the input
current changes to a circuit output which 1s connected
to a load.

A preferred embodiment of the current interface
circuit of the present invention comprises an opera-
tional amplifier, a pair of current mirrors, and circuitry
for connecting the current mirrors to an output node.
The operational amplifier receives a signal from an
input current source and has a feedback connection
from 1ts output to the input. The amplifier also has a pair
of three terminal, complementary output transistors
which are connected at their emitters to the amplifier
output. The collectors of each transistor are connected
to the controlled leg of respective current mirrors. The
controllable leg of each current mirror 1s connected to
an output node of the interface circuit. In an especially
preferred embodiment, each controlled leg 1s connected
to the output terminal by means of complementary
three terminal transistors having the same geometry as
the amplifier output transistors. When a bipolar pair 1s
used, the controllable legs of the respective current
mirrors are connected to the emitters of the respective
devices, the collectors are connected to each other and
to the output node, and the base of each of the transis-
tors 1s connected to a biasing voltage. These compli-
mentary devices provide compensation for errors
caused by base current variations in the complementary
bipolar transistor pair used as the output devices in the
operational amplifier.

Another preferred embodiment of the current inter-
face circuit of the present invention comprises an opera-
tional amplifier having first and second current outputs,
and circuitry for connecting these outputs to respective
first and second nodes of a differential voltage output.
The first current output is connected directly to the first
output node, which is also connected by a resistance
network to a voltage supply. The second current output
is connected to the controlled leg of a current mirror.
The controllable leg of the current mirror is connected
to the second node of the differential voltage output.
This second node of the voltage output is also prefera-
bly connected to a voltage source by a resistance net-
work. In an especially preferred embodiment, the con-
trollable leg of the current mirror is connected to the
second output node by the main current conducting
path of a compensating transistor. The control terminal
of the compensating transistor is connected to the con-
trol terminal of one of a pair of complementary output
devices of the operational amplifier. A second compen-
sating transistor has a main current conducting path
connected in series with a current source, and has a
control terminal connected to the second current out-
put. The current source is set to supply a current which
is equal in magnitude to the quiescent current flowing
through the complementary output pair of the opera-
tional amplifier. The currents flowing in the control
legs of these compensating transitors provide compen-
sation for errors caused by base current variations in the
complementary output devices of the operational ampli-
fier.
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In the preferred embodiments just described, the
impedance at the input node 1s kept low by the feedback
connection from the amplifier output to the negative
input. The output devices of the amplifier are both on
and conducting the same emitter current under quies-
cent conditions. When a change 1n input current occurs,
the emitter current through one of the output devices 1s
reduced by an amount which is equal to one-half the
magnitude of the change, while the emitter current of
the other output device 1s increased by a like amount.
These changes are reflected 1n the controllable leg of
the current mirror or mirrors, which are connected to
the output nodes. Respective errors due to the base
currents of the amplifier output devices are compen-
sated. The original change in the input current is thus
effectively reconstructed at the output node.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a conventional 12-bit successive ap-
proximation A/D converter.

FIG. 2 shows a successive approximation A/D con-
verter using a current comparator.

FIG. 3 shows a schematic diagram of an interface
circuit according to the present invention.

FIG. 4 shows, Iin additional detail, a portion of the
interface circuit of FIG. 3.
- FIG. 5 shows a schematic diagram of another em-
bodiment of the interface curcuit of the present inven-

o t10n.

FIG. 6 shows, in additional detail, a portion of the

- interface circuit of FIG. 5.

DETAILED DESCRIPTION OF THE
DRAWINGS

F1G. 3 shows an interface circuit 10 constructed in
accordance with the present invention. Interface circuit
10 has an iput node 12 for receiving a current input
from current source 14. Input node 12 is connected to
. the negative input of operational amplifier 16 which,
- subject to the modifications described in detail below,

-+ may be a conventional operational amplifier of known

design. The positive input of the operational amplifier is
connected to a reference potential, such as ground. The
output of the operational amplifier is connected, via
feedback line 18, to input node 12. Operational amplifier
16 also has two current outputs 19 and 21 which are
connected to controlled legs 26 and 30, respectively, of
current mirrors 28 and 32. Current mirrors 28 and 32 are
of known types, such as Wilson current mirrors, and
have a gain of one in this preferred embodiment. Bipo-
lar or FET current mirrors may be used, depending
upon the type of devices used to implement operational
amplifier 16 and the remaining circuit components.

In the circuit of FIG. 3, operational amplifier 16
functions as an impendance buffer by maintaining a
very low impedance at input node 12, while producing
current variations at current outputs 19 and 21 in re-
sponse to input current variations at node 12. Current
mirrors 28 and 32 produce corresponding current varia-
tions, via controllable legs 34 and 40, at output node 38.
The complementary symmetry of interface circuit 10
allows for detection of positive and negative variations
in input current. Thus, the circuit configuration in FIG.
3 provides an interface which can form the input stage
of a current comparator which will have a very low
input impedance.

The modifications previously referred to are best
described with reference to FIG. 4. FIG. 4 shows an
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enlarged view of a portion of the circuit of FIG. 3
indicated by dashed circle 20 in FIG. 3. With reference
to FIG. 4, it can be seen that operational amplifier 16
has a pair of output devices which, in this preferred
embodiment, comprise NPN bipolar transistor 22 and
PNP bipolar transistor 24. The emitters of transistors 22
and 24 are connected together and to the output of
amplifier 16. As previously described, the output of
amplifier 16 is also connected to input node 12 via feed-
back connection 18. The base terminals of transistors 22
and 24 are connected to the conventional circuitry of
the operational amplifier. The modification necessary to
a conventional operational amplifier used in the present
invention involves providing access to the collector
terminals of transistors 22 and 24. As shown in FIGS. 3
and 4, the collector terminal of transistor 22 is con-
nected to current output 19 which s, in turn, connected
to controlled leg 26 of current mirror 28. Similarly, the
collector terminal of transistor 24 is connected to cur-
rent output 21 which is connected to controlled leg 30
of current mirror 32.

Controllable leg 34 of current mirror 28 is connected,

~via transistor 36, to output node 38 of interface circuit
10. Controllable leg 40 of current mirror 32 is con-

nected, via transistor 42, to output node 38. In the pres-
ent embodiment, transistors 36 and 42 are shown as
PNP and NPN bipolar transistors, respectively. The
base terminals of these transistors are connected to bias-
ing voltages Viand V,. These transistors provide com-
pensation for base current errors caused by the base
currents of output transistors 22 and 24 of operational

amplifier 16. If another type of operational amplifier 1s
used (for example, an amplifier having complementary

FET output devices), the need for base current com-
pensation may be eliminated. In that case, transistors 36
and 42 may no longer be needed. However, the use of
compiementary devices of some type 1s preferred for
reasons such as controlling the voltage level on the
controllable legs of the current mirrors and for compen-
sating for process variations and environmental condi-
tions.

Output node 38 1s connected to a load impedance Ry.
Although R;is shown in FIG. 3 as a simple resistor, the
load impedance could also be the input impedance to
another signal amplifying or processing stage.

The circuit illustrated in FIGS. 3 and 4 operates as
follows. When input current source 14 is off, feedback
connection 18 forces the negative input of operational
amplifier 16 to 0 volts. Output transistors 22 and 24 are
both on and conducting the same emitter current.
Under these conditions, the impedance as measured
looking into the emitters of transistors 22 and 24 1s ap-
proximately V7/2IgT(f) where:

KT

V1 = p

K =Boltzmans constant

T=Temperature

q=electiron charge

Iz=the emitter current of transistors 22 and 24

T(f)=the loop gain of the amplifier as a function of

frequency.

To find the current at output node 38 under quiescent
conditions, a current 15 at the emitters of transistors 22
and 24 1s assumed. It is also assumed that there are no
beta or V4 (Early voltage) mismatches in the corre-
sponding transistor pairs, that the input bias current of
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amplifier 16 is internally compensated, that current
mirrors 28 and 32 are ideal current mirrors with a gain
of one, and that bias voltages V1 and V; are symmetrical
with respect to the potential at node 38. The output
current is then defined as:

lo=(E—1p22—1p36) —(LE— 1524 —1p42) =0

In the presence of an input signal current (+At), the
negative input of operational amplifier 16, and thus
input node 12, is held at O volts and the input signal
current 1s split between the two paths of equal impe-
dance through transistors 22 and 24. For an input signal
current of + Ai, the emitter current of transistor 22 is
reduced by Ai/2 and the emitter current of transistor 24
1s increased by Ai/2. The currents at the collecters of
transistors 22 and 24 change 1n corresponding manner.
However, a source of error i1s introduced due to the
resulting change in base currents of these transistors.
For low level input currents, this error may be signifi-
cant. These changes are reflected, via current mirrors
28 and 32, in the respective emitter currents of transis-
tors 36 and 42. Transistors 36 and 42 are matching de-
vices which are identical in geometries and characteris-
tics, to transistors 22 and 24, respectively but which are
of opposite conductivity types.. The biasing voltages,
Viand V5 are set such that the base currents of transis-
tors 36 and 42 are equal but opposite in polarity to the
- base currents of transistors 22 and 24. Thus, the input
- signal current 1s effectively reconstructed at output
node 38 and the errors introduced by the base currents
of output transistors 22 and 24 are compensated.

As noted previously, biasing voltages Vi and V; are
symmetrical with respect to output node 38. Factors to
be constdered in selecting levels for Vi and V3 include
the desired voltage levels at legs 34 and 40 of current
mirrors 28 and 32, and the magnitudes of the expected
voltage excursions at output node 38. If the voltage at
output node 38 exceeds Vi and V3, circuit operation
will be disrupted. Biasing voltages Vi and V7 may be
taken from points internal to operational amplifier 16.
As previously noted, the design of the operational am-
plifier is conventional, with the exception of the modifi-
cations discussed above. Thus, the detailed circuitry of
operational amplifier 16 is not shown. The present in-
vention will preferably be implemented in monolithic,
integrated circuit form, rather than with discreet com-
ponents. Thus, access to the collector terminals of tran-
sistors 22 and 24 will be readily available. If desired, a
special purpose circuit could be designed as a functional
equivalent to operational amplifier 16.

Another preferred embodiment of the present inven-
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are connected .and operate in the same fashion as transis-

tors 22 and 24 of FIG. 4.

Unlike the circuit of FIG. 3, interface 110 in FIG. 5
has a differential voltage output Vo which is connected
between two output nodes 123 and 125. Output node
123 1s connected directly to current output 119 (i.e., the
collector of transitor 122), and to one end of a resistor
Rj. The other end of resistor Rj 1s connected to a volt-
age supply by a level shifting resistor Ri. Current out-
put 121 1s connected to controlled leg 130 of current
mirror 132 and to the control terminal of transistor 150,
via line 152. Controllable leg 140 of current mirror 132
1s connected to output node 125 by the main current
conducting path of transistor 154. As illustrated in FIG.
6, the control terminal (i.e., the base) of transistor 154 is
connected to the control terminal of transistor 122, via
line 156. Output terminal 125 is also connected to one
side of resistor R3. The other side of resistor of Rj is
connected to the voltage supply by level shifting resis-
tor Ri. The main current conducting path of transistor
150 1s serially connected between the voltage supply
terminals with a current source 1;.

The circuit of FIG. § operates as follows. Under
quiescent conditions (i.e., with input current source 114
off), transistors 122 and 124 are both on and conducting
the same emitter current. The collector current of tran-

- sistor 122 causes a voltage drop across resistor R, re-
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tion is shown in FIGS. 5 and 6. Interface circuit 110 in

FIG. 5§ has an input node 112 for receiv:ng a signal
current input from current source 114. As in the circuit
shown in FIG. 3 above, input node 112 is connected to
the negattve input of operational amplifier 116. The
positive input of the operational amplifier is connected
to a reference potential, and the output of the opera-
tional amplifier is connected, via feedback line 118 to
input node 112. As also occurs in the circuit of FIG. 3,
operational amplifier 116 functions as an impedance
buffer by maintaining a very low impedience at input
node 112, while producing current variations at current
outputs 119 and 121 which correspond to input current
variations at node 112. Outputs 119 and 121 are con-
nected to respective collector terminals of a pair of
complementary output transistors 122 and 124 which,
with the exception of the control leg of transistor 122,

335
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sulting in a first voltage level at voltage output 123. The
collector current of transistor 124 is reflected to con-
trollable leg 140 of current mirror 132 and causes a
voltage drop across resistor R3 resulting in the presence
of a voltage level at output node 125. The voltage drops
across resistors Ry and R3 will be approximately equal 1n
magnitude and polarity, so that the combined differen-
tial voltage drop Vgbetween nodes 123 and 125 will be
approximately equal to zero. It should be noted that
resistor R 1s provided for level shifting purposes only
and can be replaced by any component or components
which accomplish the same function.

As explained with reference to circuit 10 in FIG. 3,
the presence of an input signal current (= Ai) will result
in a division of input signal current between the two
paths of equal impedance looking into the emitters of
transistors 122 and 124. For example, a positive input
current signal + Ai will cause an increase of Ai/2 in the
collector current of transistor 124 and a corresponding
decrease in the collector current of transistor 122. The
collector current of transistor 124 is mirrored to resistor
R3 by current mirror 132 (which 1s assumed to be ideal).
Thus, a differential voltage will appear across output
nodes 123 and 125 as a result of the input current flow
+ Al If resistors Ry and R3 are the same size, the respec-
tive increase and decrease of current through each will
result in equal but opposite voltage drops across each
resistor, and in a differential voltage Vg of approxi-
mately twice the voltage drop across either resistor.
Thus, the magnitude of the resulting Vois the same as it
would be if the full signal current + A1 were flowing
through either resistor alone.

The same result occurs for negative input current
signals. The magnitude and polarity of the voltage dif-
ference between nodes 123 and 123 vary in correspon-
dence with the magnitude and polarity of the input
current signal.

As with the circuit of FIG. 3, a source of error in
circuit 110 is introduced by the base currents of transis-
tors 122 and 124. For high precision applications, com-
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pensation for these errors is desired. In the circuit of
FIG. §, transistors 150 and 154 are provided for this
purpose. Transistor 150 1s connected between the termi-
nals of the voltage supply and in series with a current
source I;. The current flowing from source I is set to
match the quiescent current flowing through transistors
122 and 124. With reference to transistor 124, the cur-
rent flowing in the collector leg of this device is equal to
the emitter current minus the current flowing out of the
base. The current flowing out of the base of transistor
150 1s approximately equal to the base current of transis-
tor 124, since these two devices are matched and simi-
larly biased. Thus, the current flowing into controlled
leg 130 of current mirror 132 is effectively equal to the
emitter current of transistor 124. This current is re-
flected to the emitter of transistor 154 by current mirror
132. The current flowing through resistor R is the
collector current of transistor 122 (i.e., the emitter cur-
rent minus the base current of transistor 122). The cur-
rent flowing through resistor R3is the collector current
of transistor 154 (i.e., the emitter current minus the base
current of transistor 154). If transistors 122 and 154 are
a matched pair, the contributions to the voltage drops
across Ry and Rj caused by the respective base currents
of transistors 122 and 154 will cancel, thus, compensat-
ing for this source of error.

~ Although the present imvention has been explained
. with reference to specific embodiments, 1t is to be
" clearly understood that the scope of the present inven-
tion 1s not to be so limited. Rather, the scope and spirit

~ of the present invention 1s to be limited only by the
"terms of the appended claims.

What 1s claimed 1s:

1. A current interface circuit, comprising:

an input mode for receiving an input current flow
from a current source;

‘a circuit output;

* an impedance buffering circuit connected to the input

| node and having means for maintaining a low impe-
dance at the input node and having first and second
current outputs and having first circuit means for
producing a change in a current flow at said first
current output and at said second current output in
response to a change in magnitude of said input
current flow; and

second circuit means, connected to said first and

second current outputs and to said circuit output,
for producing a change in current flow at the cir-
cuit output in response to said current flow changes
at said first and second outputs;

wherein said second circuit means includes a first

current mirror having a controlled leg connected
to said first current output and a controllable leg
connected to the circuit output, and a second cur-
rent mirror having a controlled leg connected to
sald second current output and a controllable leg
connected to the circuit output;

wherein said controllable legs are connected to the

circuit by respective complementary conductivity
transistor devices, each device having a first termi-
nal connected to the controllable leg of the respec-
tive current mirrors, a second terminal connected
to the circuit output, and a control terminal con-
nected to a biasing voltage.

2. A current interface circuit according to claim 1,
wherein said second circuit means includes means for
compensating the current flow at the circuit output for
errors caused by said impedance buffering circuit.
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3. A current interface circuit according to claim 2,
wherein satd second circuit means includes current
mirror means for producing said chan ge in current flow
at the circuit output.

4. A current interface circuit according to claim 3,
wherein said current mirror means has a gain of one.

5. A current interface circuit according to claim 1,
wherein said first circuit means produces current flow
changes of equal magnitudes at said first and second
current outputs. |

6. A current interface circuit according to claim 1,
wherein said complementary conductivity transistor
devices are matched to a pair of complementary con-
ductivity transistor output devices in said impedance
buffering circuit, but are of opposite respective conduc-
tivity types, each of said complementary output devices
having respective first terminals connected together at a
common node, and each device having a second termi-
nal connected, respectively, to the first and second
current outputs, and each device having a third terminal
connected to said first circuit means.

7. A current interface circuit comprising:

an input node for receiving an input current flow

from a current source;

a circuit output;

an impedance buffering circuit connected to the input

node and having means for maintaining a low impe-
dance at the tnput node and having first and second
current outputs and having first circuit means for
producing a change in a current flow at said first
current output and at said second current output in
response to a change 1n magnitude of said input
current flow; and

second circuit means, connected to said first and

second current outputs and to said circuit output,
for producing a change in current flow at the cir-
cuit output in response to said current flow changes
at said first and second outputs, wherein said impe-
dance buffering circuit includes a pair of comple-
mentary conductivity transistor output devices,
each device having respective first terminals con-
nected together at a common node, and each de-
vice having a second terminal connected, respec-
tively, to the first and second current outputs, and
each device having a third terminal connected to
said first circuit means, and wherein said first cir-
cuit means includes feedback means connected
between said common node and said input node.

8. A current interface circuit according to claim 7,
wherein said output devices are PNP and NPN bipolar
transistors having respective emitters connected to the
common node, and having respective collectors con-
nected to the first and second outputs, respectively, and
having respective bases connected to said first circuit
means.

9. A current interface circuit according to claim 7,
wherein said second circuit means includes a first cur-
rent mirror having a controlled leg connected to said
first current output and a controllable leg connected to
the circuit output, and a second current mirror having a
controlled leg connected to said second current output
and a controllable leg connected to the circuit output.

10. A current interface circuit according to claim 9,
wherein said controllable legs are connected to the
circuit output by respective complementary conductiv-
ity transistor devices, each device having a first termi-
nal connected to the controllable leg of the respective
current mirrors, a second terminal connected to the
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circuit output, and a control terminal connected to a
biasing voltage.

11. A current interface circuit according to claim 10,
wherein saild complementary conductivity transistor
devices are matched to a pair of complementary con-
ductivity transistor output devices in said impedance
buffering circuit, but are of opposite respective conduc-
tivity types, each of said complementary output devices
having respective first terminals connected together at a
common node, and each device having a second termi-
nal connected, respectively, to the first and second
current outputs, and each device having a third terminal
connected to said first Circuit means.

12. A current interface circuit, comprising:

an operational amplifier having a first input for re-

ceiving a signal from an input current source, a
second input connected to a reference voltage, an
amplifer output, a feedback connection from the
amplifier output to the first input, and a pair of
three-terminal, complementary conductivity tran-
sistor output devices, said output devices having
main current conducting paths which are serially
connected and which are defined by respective
first and second terminals, said first terminals being
connected together at the amplifier output;

first and second current mirrors, each current mirror

having a controlled leg connected to a respective
second terminal of said output devices, and each
current mirror having a controllable leg; and
circuit means for connecting the controllable legs of
the current mirrors to an output node.
13. A current interface circuit according to claim 12,
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wherein said circuit means includes means for compen-

sating a current flow at the output node for errors
caused by said three-terminal output devices.

14. A current interface circuit according to claim 12,
wherein said circuit means includes a pair of three-ter-
minal, complementary conductivity transistor devices
having respective first terminals connected to respec-
tive controllable legs of the first and second current
mirrors, and having second terminals connected to-
gether at the output node, and having control terminails
connected to respective biasing voltages. |

15. A current interface circuit according to claim 14,
wherein said three-terminal, complementary conductiv-
ity transistor output devices and said three-terminal
complementary conductivity transistor devices in said
circuit means are matched, but are of opposite respec-
tive conductivity types.

16. A current interface circuit, comprising:

an input node for receiving an input current flow

from a current source; |

a differential voltage output having first and second

output nodes;

an impedance buffering circuit connected to the input

node and having means for maintaining a low impe-
dance at the input node and having first and second
current outputs and having a first ctircuit means for
producing a change in current flow at said first
current output and at said second current output in
response t0 a change in magnitude of said input
current flow;

second circuit means for connecting said first current

output to said first output node and for producing
a voltage change at said first output node in re-
sponse to said change in current flow at said first
current output; and
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third circuit means for connecting said second cur-
rent output to said second output node and for
producing a voltage change at said second output
node in response to said change in current flow at
satd second current output.

17. A current interface circuit according to claim 16,
wherein said impedance buffering circuit comprises an
operational amplifier having a first input connected to
said input node, a second input connected to a reference
voltage, an amplifier output connected by a feedback
means to the first input, and a pair of complementary
conductivity transistor output devices having first ter-
minals connected together and to said amplifier output,
second terminals connected, respectively, to said first
and second current outputs, and control terminals con-
nected to bias points within the amplifier.

18. A current interface circuit according to claim 17,
wherein said second and third circuit means include
means for compensating for errors, due to biasing cur-
rents flowing in the control terminals of said comple-
mentary conductivity transistor output devices, 1n said
changes in current flows at said first and second current
outputs. |

19. A current interface circuit according to claim 18,
wherein said means for compensating includes a first
and second compensating transistors having main cur-
rent conducting paths connected to respective sources
of current and having control terminals, wherein the
control terminal of said first compensating transistor 1s
connected to the control terminal of one of said pair of
complementary conductivity transistor output devices,
and wherein the control terminal of said second com-
pensating transistor is connected to the second terminal
of the other of said pair of complementary conductivity
transistor output devices.

20. A current interface circuit according to claim 19,
wherein the main current conducting path of the first
compensating transistor is connected in series between
the second output node and a controllable leg of a cur-
rent mirror, said current mirror having a controlled leg
connected to said second current output of said impe-
dance buffering circuit.

21. A current interface circuit according to claim 20,
wherein the main current conducting path of the second
compensating transistor is connected in series with a
current source which supplies a current equal in magni-
tude to a quiescent current flow in said complementary
conductivity transistor output devices.

22. A current interface circuit according to claim 19,
wherein the main current conducting path of a least one
of said first and second compensating transistors 1s con-
nected in series with a current source which supplies a
current equal in magnitude to a quiescent current flow
in said complementary conductivity transistor output
devices.

23. A current interface circuit according to claim 19,
wherein said compensating transistors and said comple-
mentary conductivity transistor output devices are
matched transistors.

24. A current interface circuit according to claim 16,
wherein said voltage changes at said first and second
output nodes are equal in magnitude, but are of opposite
polarity.

25. A current interface circuit according to claim 16,
wherein said second circuit means includes resistance
means connected between said first output node and a
voltage source. |
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26. A current interface circuit according to claim 25,
wherein said third circuit means includes a current mir-
ror amplifier having a controlled leg connected to said
‘second current output, and having a controllable leg
connected to said second output node.

27. A current interface circuit according to claim 26,
wherein said third circuit means further includes resis-
tance means connected between said second output
node and a voltage source.

28. A current interface circuit according to claim 26,
wherein said controllable leg of the current mirror am-
plifier 1s connected to the second current output by a
main current conducting path of a compensating tran-
sistor, and wherein a control terminal of said compen-
sating transistor is connected to said first circuit means
in said impedance buffering circuit.
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29. A current interface circuit according to claim 16,
wherein said third circuit means includes a current mir-
ror ampiifier having a controlled leg connected to said
second current output, and having a controllable leg
connected to said second output node.

30. A current interface circuit according to claim 16,
wherein said third circuit means further includes resis-
tance means connected between said second output
node and a voltage source.

31. A current interface circuit according to claim 29,
wherein said controllable leg of the current mirror am-
plifier 1s connected to the second current output by a
main current conducting path of a compensating tran-
sistor, and wherein a control terminal of said compen-
sating transistor is connected to said first circuit means

in said impedance buffering circuit.
* % %k %k ¥




	Front Page
	Drawings
	Specification
	Claims

